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BACKGROUND OF INVENTION 

10 

i struck applied including fiber optic connector assembly. 

— " , One 

common method of securing the opfcal fiber ^ ; 

res. Epoxy resins, however, are typ.caily cured at htgh e.pe ^ 

the connector. This adds cos, to the mstallat.on process m tha tov ^ 
cur ,„g at a reason* rate, TyptcaU, the cunng occur a, 120 ^ _ 

temperature to afford stable connections. The present 
solution to this problem would be h.ghly desirable. 

Inan effort l or 1 „daso,u,ion,o,he P r„b,em.,,was decided to investigate 
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adhesives. 
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r c Patent S865936, R. Edelman 
Acr y,a,e adhes.es a, we,, known. For mstance. ^ 

m dW,Ca,e„a,descr^^^^ 

adh esives us,n g a first pan conststmg o, a nature 0 a^ ^ 
outers, ma,, acid, a Mroperox,de. and a source o, feme 

activator, is a substituted dihydropyridme. 

, ■ a o n Rerezuk describes a fast-curing 
4 1 i«riA I E Wolinski and P. D. Berezun, u 
U.S. Patent 4126504, L. b. w met „acrylate monomers 

— -~r^ ZLemthepresenceotan 
initiated by benzoyl perox.de that tsacttvate 

oxidizable heavy metal. 

A ,n„,3 PC Briggs. Jr. and L.C. Muschiatti. describes a room- 

U.S. Patent 4. ,20b, P.C. ^ ^ „ lte 

terapera <ure cunng adhesive contamtng vartous aery ^ > ^ of 

presence of a high amount (>20 % , ^ a peroxide as a free- 
5 chlortnated polyethylene and sulfony. chlonde. m= 

radi ca, generator, an organ, sal, of a transttton meta, ^ 
co „densat,on P roductasa„acce,e^ 

r0 om,emperat„re cure adhesive* ,s desenbed ,n U.S. 
20 Gilch. 

rt f these references discloses an 

acrylate adhesive m* adhesive. 
pre se»t inventors recognized that a need extsted for 
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SUMMARY OF INVENTION 



of the problems and disadvantages described above. 
Thls invents so.ves one or more. P ^ ^ ^ ^ ^ 

This invention provides a room-temperature fast „ 
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c mponen, system or a primer-based system in which ,he surfaces ,o be bonded a, p.. 

excellen, adheston, and h,gh g.ass transition and heat deflection temperatures. The most 
5 , mpo rtan, and unexpected character,,, of these room temperature cured achate adhes.ves ,s 
lh e dimensional stability of the adhesive under ioad and a, elevated temperature. 

In one broad respect, thts invention is a two-par, adhesive system which may 

comprise: 

1 0 (a) an adhesive part A which may be comprised of: 

one or more afunctional, Afunctional, or Afunctional acrylate or 

methacrylate monomers, 

a peroxide or hydroperoxide free -radical initiator, 
an antioxidant such as of the quinone family, and 

optionally, additives such as thickeners, thixotropes, and adhesion promoters; 
(b) an activator part B which may be comprised of: 
a N,N-disubstituted aromatic amine, 
a difunctional methacrylate monomer, 
an antioxidant such as of the quinone family, and 

optionally, additives such as thickeners, thixotropes, and adhesion promoters. 
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Each of the parts of the system is mixed ,o form a suteaffl* homogeneous 

form the resulting adhesive. That is. a reaction product forms when the two parts of the 
svstem are mixed to initiate curing. Advantageously, thts curing can occur at room 
.emperarure. The reac,o„ product (which may be referred to as the cured adhesive) resultmg 
fr „m ,he admixture of par, A and par, B has excel.en, dimens.onal stabilhy and affords an 
excellent material to use as an adhesive for fiber optic connectors. 
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,„ another respect, .his invention is a primer-based adhesive system which may 
comprise: 

(a) an adhesive part A which may be comprised of: 

one or more monofunctional, Afunctional, or Afunctional acrylate or 

5 methacrylate monomers, 

a peroxide or hydroperoxide free-radical initiator, 
an antioxidant such as of the quinone family, and 

optionally, additives such as thickeners, thixotropes, and adhesion promoters; 
(b ) a primer part B which may be comprised of: 
j 0 a N,N-disubstituted aromatic amine, 

an adhesion promoter, and 
a solvent. 

.. oriwivp system mav comprise: 

In another embodiment, the pnmcr-basv.u aa^sn . -y- - 

1 5 (a) an adhesive part A which may be comprised of: 

one or more monofunctional. afunctional, or Afunctional acrylate or 

methacrylate monomers, 
; a N,N-disubstituted aromatic amine, 

an antioxidant such as of the quinone family, and 

optionally, additives such as thickeners, thixotropes, and adhesion promoters; 
(b) a primer part B which may be comprised of: 

. peroxide or hydroperoxide free-radical initiator, and 



a solvent. 



ta the primer based systems, par, A and par, B are each mixed prior ,o use. When a 
8 ,ve„ surface ,s ,o be pined ,o ancher surface. ,he prima is firs, apphed and the so.ven, 
anowed ,o evapora,e. The A par, is ,he„ app.ied on.o ,he pnmed surface, whereupon the 
reaction ,s ini.ra.ed ,o form ,he frna, adhes.ve produc, The second surface is contacted wth 
th e adhestve before i, complete,, cures. Norma.., ,he second surface w... be pressed agatns, 
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lhe f, rs , surface .nrnred.a.eiy a ft er .he A par, is app.ied » ^ — 

The , y pe ofsubs.ra.es and surfaces on which .he adhes.ve of d* .nvenuon m a y be 

10 aliowed «o cure, which s=,s .he fiber in p.ace wi.hin .he connec.o. 
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u . • ti _ r :„ tbe taction nroduct of each of two-part 
In another broad respect, this invention.:, the wet.-. r 

■fnn« That is this invention includes the reaction 
composition and the primer compositions. That is, 

JLt (the cured adhesive) resulting from the curing of the admixture of part A part 



use 
as 



surfa ! „ an area compear, .0 .he piacemen. of .he primer par, B, and .hen .He wo 
II r= pressed ,„ 8 e.her so .ha. par. A and par. B come in.o con,ac.. In *** ** 
.,on is a process usefu, for adnermg a firs, surface .„ a second surface wh 
, he A par. and .he B par. of .he nvo-pan formula,,on described above, 
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im er par, B co.pr.ses a N.N-disuhstituted aromatic amine, an adhes.on P- and 

Lttonai, 1— or me.hacr.ate — , a perox^— " h 

a „, te ,dan, pressing .he first surface ,o the second surface so that the pa« » 
contact and sandwiched hetween ,he two surfaces until me par, A and par, * - 
another broad respecr. this invention is a process useM for adhermg one surface to 

l which conrprrses-. appiving a primer par, B ,0 the firs, surface, wnere.n , e prr.c 

.- , nr -. nre^i"" the first surface to the second 
disubstituted aromatic amine, and an antioxidant, pre^ c i- 

XsothaUhepartAandpanBare in contact and sandwiched between the , wo surfaces 
until the part A and part B have cured. 

t o a second surface which comprises. mix.ng a par, A and a par, B ,o form an adm^r. 
, serein rhe par, A, wh,ch comprtses: a monomer seiected from ,h= group consrsu g of 
lofunerrona, acrv.ate monomer, a drfuncuona, achate monomer, a tnfuncttona, achate 

.nfuncrionai mediate monomer, or a combmatton .hereof; a peroxrde ,« 
hydroperoxide free-radica, tnttrator; and an anuoxidanu and wherem the par, B omp ses. 
5 a tiva.or par, B. which composes: a N.N-disubs.ituted aroma.rc am.ne. a dtfitnCona. 

for a time sufficient to effect cunng of the admixture. 
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comprises: a monomer seieue mon0 mer, a 

m ono f uncti„na, nrethacryiate monomer, a <^ J^",,^^ free . ra dica, 

comprises: a N.N-disubstituted ar ° mat '^ 3 ™J^^ ^ ^ connector, inserting an optical fiber 
antioxidant, injecting the admixture rnto the W ^ ^ ^ 

in ,„ the ferule, and aliowing the admixture to cure to theteb. 



connector. 



_ m _a,i f rtr Qettin2 an optical fiber 

evaporate, and subsequent!, injecting a par, A adhes 

compnS es one or more monofitnctional, — « — * ^ 

into the ferrule, and allowing the part A and part ^ ^ 

w i,hm the — ,nye, another broad -^'^X e fM tasertl0 „ of the 

^^^^^^^ 

optical fiber, composing: applying a part B pome to the f.be ^ 

25 Iprtsesapero.deorhydro^^^ 

so ,ven, to evaporate, and subsequently injecng a par, A «*» „ 

part A composes one or more mono—,. fo „ owed by 

methacrvlate monomers, a N.N-disubstituted aromatic amme. and 
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thereby set the fiber in place within the connector. 

As used herein, the c„r,„ g of the admtxture of par, A and par, B forms ,hc final 
5 adhesive product, whtch may also be referred to as a reactton product here,, 

A «ons,, ,he adhestve fo rm„,a,io„s descnbed here.n cure a, room temper. 
eli m,nati„ g ,he need for post-curing a, elevated temperature as is ,be standard current practice 
1 fib r opuc connector applica.ion. TTte primer-based adhesive form-tons are 
, 0 «„ Jy used ,„ a P p,ica,ions where ,he bond thickness of ,he adhestve iayer ,s iess 
than 5 pm. such as is found in the fiber-ferrule asset* of a fiber optic connector. 

The cured acryiate adhesives may have adhes,on strengths 
: . . „i..~ ir „T, substrates as descnbed in ASTM 

when subjected ,o lap-shear lestmg between two aluminum .a 

when subje P siv£s wm deteml i n<: d to typically be less than about 1 

15 D1002. Water absorption for the ^ 
percent when ,es,ed for 24 hours a, room temperature. The creep m 

'- Glass , ransl ,i„„ temperatures for the adhestves are generally 8 reater than 90 C. Shelf fives 
T. L« "ons may be a m.mmum of .wenty-four months a, room .emperatur, 

4000 cps usmg a BrookfieU v,sco m e,er a, 2fC using an LV 3 sp.ndle. 

The acrv.a,e formulations described here have ou,s<and,n g dtmens.onally srability a, 

, 5 Z Lie le d ,ests for fiber optic connectors, and provide for an optical fiber movemen, of 

" essthan o^m.micron, ^^^^[^Z^ 
fiber-ferrule interface for 24 hours a, 65°C. followed by compares of the final and baseltne 
Ztca, hei.tsofthe optica, fiber withrespectto the fer^le endface. The fiber p.stonmg 
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,s, exammes the permanent movement of the fiber adhered msrde *. fen* upon ***** 
cy ch„g from -40°C ,o 75»C a, a ra,e of 2«Om,nu,e. The static load tcs, conststs of app.ytng a 
fixed tensUe load (104 grams, to an optical fiber and subjecting ,he assembly .0 fo°C and 
35% humidity for 168 hours, followed by comparisons of baseline and final endlace 



geometries. 
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DETAILED DESCRIPTION OF THE INVENTION 

Two-Component Systems 

The-monofunctional. afunctional, and tr.functional acrylate and me.hacrylate 
monomers of the adhestves may contam a wide range of one or more acrylate and/or 
m e,hacrv,ate monomers including monofunctiona, monomers such as methyl methacrylate 

. . , .^..-^i^fp nsRM^ ^functional monomers 
(MMA) methacrylic acid (MA), ortsobomyi mediae .a.e(l!,BM,, ... 

suc h as ethylene glycol dimethacrylate (EGDM), ethoxylated bisphenol A diacrylate esters 

(BPADAE), methylene glycol dtmethacrylate (TEGDM). d.e.hy.ene glycol dinted ate 

(DEGDM), o, diethyl g.yco. diacrylate (DEGDA), and/or trifunc.iona, monomers such as 

lris (-hydroxy*.) isocyanurate triacrylate (,SO TO). In addttion. the monomers may be 

other"*, (such as isodecyl, butyl, methyl, tetrahydrofurfuryl, and 2-ethylhexy.) or ydroxy 

a, k y, (such as hydroxy ethy, and hydroxy propyl, esters of acrylic acid and methae^ltc actd. 

The diacrylates and triactylates may also be of bu.yieneg.ycol. tetraethyleneg.ycol. 

polyethylene glycol, bispheno. A, ethoxylated btsphenol A, pentaerythritol. and the hke. 

,„ the overall two-component formulation, in one embodiment, the monomer, or 
combination of monomers, such as ethylene g.yco. dimethacrylate is present in any amount 
effective to provide an adhesive of this invention and. typically, is present in part 
amount of from about .0 to about 99 percent based on weigh,.. In general, the amount of 
Afunctional methacrylate monomer (e.g.. EGDM) may range from about .0 to about 
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t „ about 30 percent based on we.gh, of the total formulat.on. 

,„ , ne two-component embodiment of this mventio, ,n one respect, tbe firs, par, A 

„h -,n alkvlene glycol dimethacrylate such 
5 contains a afunctional methacrylate monomer such as an alkylen , 

as EQDM and propylene glycol dimethacrylate, ,n additton to the one or m of the 

r,,d above Alkvlene glycol dimethacrylates are well known. The 

, „ as from about .0 to about 75 percent by weigh, in the Part A formulae. 

,„ addition, par, A may a.so tnclude oligomers such as 

acrylateeslersor p conv enuonal 
75 percent by weight. These matertals are Known. T1k, ...ay - 

15 methods. 

Addt.ional components of par, A may include thixotropes. A representative example 

of suchlixotrop.c agen,s is fused stlica (available commercally under the trade names 

of such thtxotrop « de 0 „ e or moie adhes ion promoters, such 

i„ ypropy— ane,a„dtris r 

the formulation, Really betng present in an amount of from about 0.1 ,0 abou, percen 

weight. 

25 Par, A may also indude a free-radica, ,ni,ia,o, which may be =i,her a peroxide such 

as benzov, perox.de (BPO,, or a hydroperoxide, such as cumene hydroperox.de Ire 

• ,„,„, effective to effect initiation, and ,s generally ,n 
radical initiator may be present ,n any amount ettect.ve 

the range from about 0, to abou, 2 percent by weigh, of ,he Par, A formulae. Par, A of 
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j,.,. include hydroquinone and 

• „ Thp amount of antioxidant employed may 
benzoquinone. The amouni Tvnica ll v the amount of 

antioxidant is an amount of from about 0.000! abou P 

■ > j ™ -,iwlene clvcol dimethacrylate (a 
' «„c\al merhacrylate monomer) such »hODM {OTlheperoxy 

HfeSSSSSS- . 

i .)KMPT^ N N-dimethylanihne (NNDMAJ, in,i 
dim e,h y ,.p-,olurd,ne (iWD, N.N may ^ present in a „ y 

m e t hylenebi S (N.N-dime.^anrUne) (MBNNDM ^ ^ ^ b 

effective amount, generally frc^abou, u.> » aoou. ,.0 ,a„n . 

formulation. 

^^^.^.^Bare^su^ttbe^meraUoofpartAtopartB 

approximately 1:1. 

Primer-based systems 

„ c nf the adhesive formulation (Part A) 
For ,he prime,based systems, the percentages of the » ^ 

indents fal, »<hin the ranges specif.ee for the — - ^ « 

/ *■ ,nah t thixotrope optional), a peroxy iree ia 
as well as an oligomer (optional), a tnixoirop v v 



an antioxidant. 
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The activator pan B (sometimes referred to in the industry as the -B-side") includes a 
solvent tvpicallv of relatively high vapor pressure. The type of solvent used may vary 
depending on the ingredients of the B part. A representative example of a class of solvents 
useful in this retard is ki.ones such as 2-pe„,anone. Other solvent classes may include 
hvdrocarbons, esters, alcohols, or other solvents capable of dissolving the components ,n the 
B par, of the formulation. Generally, the amount of solvent employed is an amount sufficient 
to dissolve all the components of the B part. 

The B par, may also include a small amount of an adhesion promoter, such as 
described herein, in an amount up to about 0.2 percent. In addition, the B par, may include a 
tertiarv am,ne activator (such as a N.N-disubstituted aromatic annuel as previously described 
above The amount of amine activator may be any effective amount, generally be.ng from 
about 0.5 to about 5 percent, and in one embodiment from about 0.5 to about 3 percent. 

Alternatively, the primer-based system may be formulated such that the peroxy 
initiator ,s presen, in ,he primer part B of the formulation, in this method, the adhesive part A 
would contain one or more of the specified monomers, an oligomer (optionally,, a th.xo.rope 
(option*), an antioxidant, and the tertiary amine activator. The primer par, B would then 
contain the peroxy initiator dissolved in a solvent with a fairly high vapor pressure. The 
concentration of this solution is generally abou, 5 to about 15 percent by weigh, of the peroxy 
initiator. 

The systems of this invention may include other compounds and components not 
specifically stated herein. 

The following examples are illustrative of this invention and are not intended to be 
limit the scope of the invention or claims hereto. Unless otherwise denoted all percentages 
are by weight. In the tables, "aliphatic oligomer" refers to a aliphatic urethane esters and 
-hexafunctional oligomer" refers to a hexafunctional urethane acrylate esters. 
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EXAMPLE - Two part systems 



15 



Th, example illustrates adhesives of this invention. A two-component adhesive 
formulation containing an A part and a B part. The A-side (part A) of the formulation may 
contain the amounts of the components shown in Table 1 , wh.ch include ethylene glyco. 
dimethacrylate (EGDM), fumed silica (Cabosil-MS), N,N-dimethyl-p-t 0 luidine (DMPT), and 
benzoquinone. The B-side (part B) of the formulation may contain the amounts of the 
components shown in Table 1 , which include EGDM, ethoxylated bisphenol A diacrylate 
esters (BPADAE). isobornvl methacrylate (ISBM), fumed silica, benzoyl peroxide (BPO), and 
benzoquinone. The A part and the B part have equivalent volumes. 

During use, the A and B parts may be placed into a two-component cartridge with 

. , . t , . _ t . t :„ „ ix „ ;„ ord^r tn thorouehlv mix the two components as 
plunger that is equipped with a static miX^-i " - - 

they are dispensed. Alternatively, the A and B sides may be separated by a ibin membrane ,n 
a ,™„-par« plasnc package. App.ying pressure will break «he membrane and allow mix.ng of 
th e ,„„ adhesive components (.he A and B pans) before ,he application of the adhesive to a 
surface. In this application method, the volumes of parts A and B need no. be e q uivalen«, bu, 
thorough mixing is important. 



20 
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Table 1. Various formulation, for two-component adhesive, containing the reaction 

product of part A and part B 



Component 



ISOTRI 



BPADAE 



EGDM 



MA 



MMA 



BPO 



DMPT 



ISBM 



Fumed silica 



Hexafunctional 
oligomer 



Example 1 (weight % 
of component) 



12.21 



Aliphatic oligomer 



Total 



0 



13.46 



8.73 



15.00 



0.25 



0.35 



0 



50.0 



100 



Example 2 (weight % 
of component) 



22.05 



26.09 



19.67 



29.50 



0.56 



0.46 



1.67 



100 



Example 3 (weight % 
of component) 
0 



4.02 



24.42 



15.43 



0.79 



0.49 



53.38 



1.47 



100 
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Table 2. Two-component adhesive formu 



1 EGDM 
' MMA 
nMPT 

LV1V11 i 

Aliphatic 
^_Oligomer__ 


^WeTghTgramrT 

_E w: ■ — i — 

20 

21.47 T 
0 

___1_0____I 
0 

0.7 
50 


Part A (A side) 

weight % 
19.58 

0 

9.79 [ 
0 

48.94 


__DejTsjtvjz/cc__ 
1.3 

1.02 

094 T 

1.334 

0.937 

22 

, 


Volume cc 

1 S 38 

I J.JO 

___^064__^ 
0 

10.64 

° 1 

o 

91.81 


P Component 
ISO TRI 
EGDM~I 


102.17 

1 Weight grams 
4.42 " 
5.45 


100 , 

Part B (BSideJ_ 

r__WeiJ^%___ 
4.52 

17.85 


Densitvj/cc__ 
1.U4 


Volume cc 
524 


MA 

MMA 

r^Z_BP_o__ 

r^DMPJ__ 
Aliphatic 
Qligomer___ 
Total 


' "20" 

| ol 

"| ~0 " 
50 

97.83 


1 20.44 

"o 

1 51.11 
100 


0.94 
1.334 
0.937 
1.1262 


21.28 

U.J) /D 

0 

H 44.40 



EXAMPLE - Primer based systems 



10 



There w,l, now be descrtbed an adhesive formulation «ha, contains a primer and .he 
monomer mixture. The monomer m.xture includes 7.« g (3M nrmoi, of EGDM, . , g ( 6 
mmol, of BPADAE. 0,0 g (2.30 mmol) oflSBM, 0,0 g (1 , mmoi) of BPO. and 0-06 g 
fumed silica. The primer was a 2:1 ratio of soiven, P-pentanone, to activator (DMPT. or 
other substituted am.ne). along with 2% of an adhesion promoting oligomer such as an 
aerated polyester (tradename CN704). The primer may be apptied to the surlaces to be 
adhered to with a variety of applicators such as a cotton swab. Once the soiven, has 
evaporated, leaving behmd .he adhesion promoter and t he acuvato, the monomer m.xture 
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^^^^^^^^^^ 

adhesive has cured. 

EXAMPLE - Primer based systems 

f DFGDM as monomers, and 0.06 g of fumed silica and 0.05 g (0.- mmoij 

•ssz i -..«■—» »***«r 

onmesund , adhesive to cure. 

The surfaces are then pressed together for a „me suffer,. „ aU.. .. ■ - 
Another representattve pnmer foliation is shown in the foilow.ng tab.e. 



10 inc 
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Table 3. Primer formulation with initiator in the primer (B) side 



_Com£onent_ 



EGDM 



DEGDM 



DEGDA 



4,4'-BMDMA 



Fumed silica 



Pa rt A (A Side) (Adhesive) 



Weight »rams 



6.0 



1.0 



B enzoguinone 



3.0 



Weight % of A Side 
58.72 



9.78 



29.35 



0.10 



0.12 



0.0005 



0.98 : 



1.17 1 
0.005 



PartB(BjMd^)JPrim^ 



Weight % of B s ide_ 
U 




****** 



Further modifications and alternative embodies of this inventton wil, be apparent 
t0 ,hose sldlied in the an in v,ew ofthis descriptron. Accordingly. «h,s descnption ts to be 
construed as illustrative only and is fo, the purpose of teaching those sk.Ued ,n the art 
,0 manner of carrytng „u, the invention. „ is to be understood th, the forms of the tnvent.on 
" ZshownTnddescrtbedaretobeta.enasinustrat.eembodiments.E.ivaienteements 

or matenals may be subsututed for those tiiustrated and described herein, and eertatn ea ures 
of the tnvenfon may be uttltzed independent!, of the use of other features, aU as would 
apparent to one s,i,led ,n the art after having the beneft. of this descnp.ion of the mvent.on. 



TRIA:002 



-17- 



